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1
METHODS OF FORMING CAPACITORS

TECHNICAL FIELD

Embodiments disclosed herein pertain to methods of form-
Ing capacitors.

BACKGROUND

Capacitors are one type of component used 1n the fabrica-
tion of integrated circuits, for example in DRAM and other
memory circuitry. A capacitor 1s comprised of two conductive
clectrodes separated by a non-conducting dielectric region.
As integrated circuitry density has increased, there 1s a con-
tinming challenge to maintain suificiently high storage
capacitance despite decreasing capacitor area. The increase in
density has typically resulted in greater reduction in the hori-
zontal dimension of capacitors as compared to the vertical
dimension. In many instances, the vertical dimension of
capacitors has increased.

One manner of fabricating capacitors 1s to mitially form an
insulative material within which a capacitor storage electrode
1s formed. For example, an array of capacitor electrode open-
ings for individual capacitors may be fabricated 1n an 1nsula-
tive support material, with an example material being silicon
dioxide doped with one or both of phosphorus and boron.
Openings within which some or all of the capacitors are
tormed are etched into the support material. It can be difficult
to etch such openings through the support material, particu-
larly where the openings are deep.

Further and regardless, it 1s often desirable to etch away
most 1 not all of the capacitor electrode support material after
individual capacitor electrodes have been formed within the
openings. This enables outer sidewall surfaces of the elec-
trodes to provide increased area and thereby increased
capacitance for the capacitors bemng formed. However,
capacitor electrodes formed in deep openings are oiten cor-
respondingly much taller than they are wide. This can lead to
toppling of the capacitor electrodes during etching to expose
the outer sidewalls surfaces, during transport of the substrate,
during deposition of the capacitor dielectric layer, and/or
outer capacitor electrode layer. U.S. Pat. No. 6,667,502
teaches the provision ol a brace or retaiming structure

intended to alleviate such toppling. Other aspects associated
in the formation of a plurality of capacitors, some of which
include bracing structures, have also been disclosed, such as

. 71,0677,385;
. 7,125,781;
. 7,199,005;
. 7,202,127;
. 71,387,939;
. 7,439,152;
. 1,517,7753;
. 71,544,563;
. 1,557,013;
. Pat. No. 7,557,015;
. Patent Publication No. 2008/0090416;
.S. Patent Publication No. 2008/0206950;
.S. Pat. No. 7,320,911;
.S. Pat. No. 7,682,924; and
.S. Patent Publication No. 2010/0009512.
Fabrication of capacitors in memory circuitry may include
forming an array of capacitors within a capacitor array area.
Control or other circuitry area 1s often displaced from the
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capacitor array area, and the substrate may include an inter-
vening area between the capacitor array area and the control
or other circuitry area.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagrammatic, cross-sectional view of a portion
of a semiconductor substrate at a preliminary processing
stage ol an embodiment 1n accordance with the mvention.

FIG. 2 1s a diagrammatic top view of a portion of the
semiconductor substrate comprising the cross-section shown
in FI1G. 1 along the line 1-1.

FIG. 3 1s a view ol the FIG. 1 substrate at a processing stage
subsequent to that of FIG. 1.

FIG. 4 1s a view of the FIG. 3 substrate at a processing stage
subsequent to that of FIG. 3.

FIG. 515 aview of the FIG. 4 substrate at a processing stage
subsequent to that of FIG. 4.

FIG. 6 1s a diagrammatic top view of a portion of the
semiconductor substrate comprising the cross-section shown
in FIG. 5 along the line 5-5.

FIG. 7 1s a view ol the FIG. 5 substrate at a processing stage
subsequent to that of FIG. 5.

FIG. 8 1s a diagrammatic top view of a portion of the
semiconductor substrate comprising the cross-section shown
in FI1G. 7 along the line 7-7.

FI1G. 915 aview of the FIG. 7 substrate at a processing stage
subsequent to that of FIG. 7.

FIG. 10 1s a diagrammatic top view of a portion of the
semiconductor substrate comprising the cross-section shown
in FI1G. 9 along the line 9-9.

FIG. 11 1s a view of the FIG. 9 substrate at a processing,
stage subsequent to that of FIG. 9.

FIG. 12 1s a diagrammatic top view of a portion of the
semiconductor substrate comprising the cross-section shown
in FIG. 11 along the line 11-11.

FIG. 13 1s a view of the FIG. 11 substrate at a processing,
stage subsequent to that of FIG. 11.

DETAILED DESCRIPTION OF EXAMPL.
EMBODIMENTS

L1l

Example methods of forming capacitors in accordance
with embodiments of the invention are described with refer-
ence to FIGS. 1-13. Referring mitially to FIGS. 1 and 2, a
construction 10 1s shown at a preliminary processing stage of
an embodiment. Construction 10 includes a substrate 12
which may comprise semiconductive material. To aid 1n inter-
pretation of the claims that follow, the term “semiconductor
substrate” or “semiconductive substrate” 1s defined to mean
any construction comprising semiconductive matenal,
including, but not limited to, bulk semiconductive materials
such as a semiconductive water (either alone or in assemblies
comprising other materials thereon), and semiconductive
material layers (either alone or 1in assemblies comprising
other materials). The term “substrate” refers to any support-
ing structure, including, but not limited to, the semiconduc-
tive substrates described above.

Construction 10 may comprise a capacitor array area 14
and a peripheral circuitry area 16. An interface line 15 has
been used 1n the figures as an example interface of capacitor
array area 14 and peripheral circuitry area 16. Logic circuitry
may be fabricated within peripheral circuitry area 16. Control
and/or other peripheral circuitry for operating a memory
array may or may not be fully or partially within array area 14,
with an example memory array area 14 as a minimum encom-
passing all of the memory cells of a given memory array/sub-
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memory array. Further, multiple sub-arrays may also be fab-
ricated and operated independently, 1n tandem, or otherwise
relative one another. As used herein, a “sub-array” or “sub-
memory array’’ may be considered as an array. Various circuit
devices (not shown) may be associated with peripheral cir-
cuitry area 16, as well as with capacitor array area 14, at the
processing stage of FIGS. 1 and 2.

Electrically conductive node locations 18, 20, and 22 are
shown within memory array area 14. Node locations 18, 20,
and 22 may correspond to, for example, conductively-doped
diffusion regions within a semiconductive material of sub-
strate 12, and/or to conductive pedestals associated with sub-
strate 12. Although the node locations are shown to be elec-
trically conductive at the processing stage of FIG. 1, the
clectrically conductive materials of the node locations could
be provided at a processing stage subsequent to that of FIG. 1.
The node locations may ultimately be electrically connected
with transistor or other constructions (not shown), may cor-
respond to source/drain regions of transistor constructions, or
may be ochmically connected to source/drain regions of tran-
sistor constructions. As alternate examples, the node loca-
tions may correspond to, connect to, or be parts of conductive
interconnect lines. Regardless, as used herein, “node loca-
tions” refers to the elevationally outermost surfaces to which
first capacitor electrodes electrically connect, for example as
described below.

Dielectric matenial 24 may be over peripheral circuitry area
16. Such may be homogenous or non-homogenous, with
doped silicon dioxide such as phosphosilicate glass (PSG)
and borophosphosilicate glass (BPSG) being examples.
Dielectric material 24 may be formed by blanket deposition
over substrate 12, and then removed by subtractive patterning
from array circuitry area 14. An example thickness range for
dielectric maternial 24 1s about 0.5 micron to about 3 microns.

A support material 28 has been formed elevationally over
substrate 12 within capacitor array area 14. In one embodi-
ment, support material 28 may be directly against node loca-
tions 18, 20, and 22. In this document, a material or structure
1s “directly against™ another when there 1s at least some physi-
cal touching contact of the stated materials or structures rela-
tive one another. In contrast, “over”, “on”, and “against” not
proceeded by “directly”, encompass “directly against™ as
well as constructions where intervening material(s) or struc-
ture(s) result(s) 1n no physical touching contact of the stated
materials or structures relative one another. Support material
28 may be homogenous or non-homogenous, and may be any
one or more of dielectric, conductive, or semiconductive. For
example, support material 28 may be a single homogenous
layer of a dielectric, conductive or semiconductive material;
multiple layers of a single homogenous dielectric, conduc-
tive, or semiconductive material; or multiple layers of differ-
ing compositions of dielectric, conductive, and or semicon-
ductive materials. An example thickness for support material
28 1s about 0.25 micron to about 3 microns.

FIGS. 1 and 2 show support material 28 as comprising
covering maternial 30, an elevationally outer material 50, an
clevationally inner maternial 52, an elevationally intermediate
material 54 between materials 50 and 52, and dielectric mate-
rial 26. Each may be homogenous or non-homogenous. Cov-
ering material 30 and intermediate material 54 are of different
composition from composition of outer material 50 and 1nner
material 52. Covering material 30 and intermediate material
54 may be of the same or different composition relative each
other, and regardless are 1deally dielectric when remaining as
part of the finished circuitry construction. Example materials
include one or both of silicon nitride and silicon dioxide. An
example thickness for covering material 30 1s about 600 Ang-
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stroms to about 1,500 Angstroms, with that for intermediate
maternial 54 being about 50 Angstroms to about 600 Ang-
stroms. Elevationally outer material 50 and elevationally
inner material 52 may be of the same or different composition
relative each other. Example materials include one or more of
doped or undoped silicon, carbon, polyimide, and oxide, with
an 1deal example being polysilicon. An example thickness for
outer material 50 1s about 300 Angstroms to about 1,000
Angstroms, with that for inner material 54 being about 1,000
Angstroms to about 8,000 Angstroms. Examples for dielec-
tric material 26 are one or both of silicon nitride and undoped
silicon dioxide. An example thickness range for dielectric
material 26 1s about 50 Angstroms to about 300 Angstroms.
Regardless, multiple intermediate materials 54 (e.g., that are
clevationally spaced from one another) may be used (not
shown).

Referring to FI1G. 3, individual capacitor openings 32 have
been formed through covering material 30, outer material 50,
intermediate material 54, elevationally inner material 532, and
dielectric material 26 to node locations 18, 20, and 22. An
example technique for forming openings 32 includes photo-
lithographic patterming and anisotropic etch. Multiple etching
chemistries may be used for etching material(s) 28 as selected
by the artisan. An example for anisotropically etching silicon
nitride includes plasma etching using an inductively coupled
plasma reactor with about 700 W to 900 W top power, about
250V to 450V chuck bias, chamber pressure about 6 mTorr to
20 mTTorr, substrate temperature about 25° C. to 45° C.,
CH,LF, tlow about 15 sccm to 35 scecm, and CFE, flow about 75
sccm to 125 sccm. An example for anisotropically etching
doped or undoped polysilicon includes NF,:O,:HBr at a
volumetric ratio of 1:1:3 to 5. Alternate examples for aniso-
tropically etching polysilicon include substituting SF or Cl,
for the NF;, and 1n such events providing an alternate volu-
metric ratio of 1:1:1.

Referring to FIG. 4, a first capacitor electrode 34 has been
formed within individual openings 32 1n support material 28
in conductive electrical connection with respective node loca-
tions 18, 20, and 22. First capacitor electrodes 34 may be
homogenous or non-homogenous, and may be of any suitable
shape(s) with a solid pillar-like shape being shown. As an
alternate example, the first capacitor electrodes may be 1n the
shape of upwardly open containers. First capacitor electrodes
34 may be formed by depositing one or more conductive
materials to overfill openings 32, followed by planarizing the
conductive material back at least to the outermost surface of
covering material 30. Example conductive materials are one
or combinations of titanium, titanium nitride, and ruthenium.
First capacitor electrodes may be considered as comprising
sidewalls 35.

Referring to FIGS. 5 and 6, openings 38 have been formed
through covering material 30, for example by anisotropic
etching, to expose support material 28. In one embodiment, a
mask (not shown) over covering material 30 and first capaci-
tor electrodes 34 may be used as an etch mask during such
anisotropic etching, with such a mask having openings the
shape of openings 38. That mask may be everywhere spaced
clevationally from covering material 30 and capacitor elec-
trodes 34, or may comprise one or more materials (1.e., pho-
tosensitive, hard-mask, and/or antiretlective materials)
deposited over covering material 30 and capacitor electrodes
34. Regardless, an example mask thickness 1s about 1,000
Angstroms to about 10,000 Angstroms.

Referring to FIGS. 7 and 8, outer material 50 (not shown)
has been dry 1sotropically etched from being over capacitor
clectrode 34, and in one embodiment as shown from being
over intermediate material 54. The etching of outer material
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50 1s conducted selectively relative to capacitor electrode 34,
and 1n one embodiment selectively relative to intermediate
material 54, 1n one embodiment selectively relative to cover-
ing material 30. In the context of this document, a selective
ctch requires removal of one material relative to a stated
another material at a removal rate of at least 2:1. In one
embodiment, the dry isotropic etching of material 50 uses
plasma. In one embodiment, no wet etching 1s used 1n remov-
ing any ol outer material 50. In one embodiment and as
shown, all of outer material 50 1s removed. In one embodi-
ment, a mask used 1n forming openings 38 through covering
material 30 remains over the substrate during etching of outer
material 50 (not shown).

In one embodiment where outer material 50 comprises
polysilicon and capacitor electrodes 34 comprise TiN, the dry
1sotropic etching of outer material 50 comprises plasma etch-
ing using a sulphur and fluorine-comprising chemistry. The
sulfur and fluorine-comprising chemistry may be derived
from a single compound (e.g., SF.) and/or from multiple
compounds (e.g. COS, SO,, H,S, NF;, and F,). In one
embodiment, the etching 1s conducted at a pressure of at least
about 150 mTorr and 1n one embodiment at a pressure of at
least about 200 mTorr. In one embodiment, the etching is
conducted at a substrate temperature of no greater than about
30° C., 1n one embodiment at no greater than 10° C., and 1n
one embodiment at no greater than 0° C. Ideal results may be
achieved at higher pressure and lower temperature (1.e., at
least 200 mTorr and no greater than 10° C.). In one embodi-
ment, the etching chemistry 1s derived from gas comprising
SE ., and with or without one or more 1nert gases.

An example first set of etching conditions 1n an inductively
coupled plasma reactor for etching polysilicon-comprising
support material selectively relative to TiN-comprising first
capacitor electrodes includes about 700 W to 900 W top
power, 0V to about 20V chuck bias, chamber pressure about
150 mTorr to 250 m'Torr, substrate temperature about —-10° C.
to 40° C., SF. flow about 200 sccm to 400 sccm, NF; flow
about 40 sccm to 60 sccm, and He and/or Ar flow O sccm to
about 350 sccm. An example second set of etching conditions
for etching polysilicon-comprising support material selec-
tively relative to TiN-comprising first capacitor electrodes
includes about 1,000 W to 2,000 W top power, OV to about
20V chuck bias, chamber pressure about 150 mTorr to 250
mTorr, substrate temperature about —10° C. to 30° C., SF,
flow about 50 sccm to 900 sccm, and He and/or Ar flow about
300 sccm to 1500 sccm. Use of SFE, solely as the contributor
to reactive species formation may provide better etch selec-
tivity relative to TiN and S1,N, in comparison to combiming,
SE . and NF,, but more etch residue.

In one embodiment, the etching of polysilicon-comprising,
support material selectively relative to TiN-comprising first
capacitor electrodes includes a plurality of sulphur and fluo-
rine-comprising etching steps individually separated by a
hydrogen treating step. In one embodiment, the hydrogen
treating steps are conducted at lower pressure than are the
sulphur and fluorine-comprising etching steps. In one
embodiment, the hydrogen treating steps are individually
longer than are individual of the sulphur and fluorine-com-
prising etching steps. In one embodiment, the hydrogen treat-
ing and the etching steps are each conducted using plasma. In
one embodiment, a hydrogen-containing plasma1s used 1n the
hydrogen treating step and 1s derived from gas consisting,
essentially of H,. An example set of hydrogen treating con-
ditions 1n an inductively coupled plasma reactor includes
about 800 W to 3,000 W top power, OV to about 20V chuck
bias, chamber pressure about 40 mTorr to 250 mTorr, sub-
strate temperature about —10° C. to 30° C., H, flow about 200
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sccm to 1,200 sccm, and He and/or Ar flow 0 sccm to about
1500 sccm. An example time period for individual etching
steps 1s about 2 seconds to 6 seconds, and that for individual
hydrogen treating steps about 8 seconds to 10 seconds.
Hydrogen treating may be conducted to remove residue, 1f
any, that might result from the act of etching with a sulphur
and fluorine-comprising etching chemistry.

In one embodiment and as shown, T1F 45 1s formed on first
capacitor electrode sidewalls 35 from Ti of the TiN of first
capacitor electrodes 34 and from fluorine of the sulfur and
fluorine-comprising etching chemistry. In one embodiment,
TiF 1s formed to a thickness that 1s self-limited in spite of
turther exposure of capacitor electrodes 34 to the sulphur and
fluorine-comprising etching chemistry. Such an example
self-limited thickness 1s about 10 Angstroms. Regardless, T1F
1s electrically conductive but not as much as TiN.

In one embodiment of a method of forming capacitors,
polysilicon-comprising support material 1s dry 1sotropically
etched selectively relative to TiN-comprising first capacitor
clectrodes using a sulphur and fluorine-comprising etching
chemistry regardless of presence of covering material 30,
intermediate material 534, and/or dielectric material 26. Any
other attribute as described above may be used. In one
embodiment of a method of forming capacitors, polysilicon-
comprising support material 1s dry 1sotropically etched using
a fluorine-comprising etching chemistry that combines 11 of
the TiN of the capacitor electrodes with fluorine of the etching
chemistry to form TiF on sidewalls of the first capacitor
clectrodes. In one embodiment, the etching chemistry com-
prises S. In one embodiment, the etching 1s conducted selec-
tively relative to the TiN-comprising first capacitor elec-
trodes. Any other attribute as described above may be used.

Referring to FIGS. 9 and 10, openings 38 have been aniso-
tropically etched through imntermediate material 34 to expose
inner material 52 using covering material 30 having openings
38 therein as an etch mask. The etching of openings 38
through intermediate material 54 1s conducted selectively
relative to first capacitor electrodes 34, and 1n one embodi-
ment selectively relative to covering material 30. In one
embodiment, such etching 1s conducted using plasma. Where,
for example, intermediate material 54 comprises silicon
nitride, the same example etching conditions described above
for etching openings 38 through covering material 30 may be
used. In one embodiment, a mask used 1n forming openings
38 through covering material 30 remains over the substrate
during anisotropic etching of intermediate material 54. Such
may enable 1ons 1n a plasma etching to achieve better direc-
tionality. For example, areas bombarded by etching ions may
achieve better removal rate than shadowed/off-axis areas 1n
comparison to plasma etching conducted where the mask
does not remain over the substrate during the etching.

Referring to FIGS. 11 and 12, inner material 52 (not
shown) has been etched through openings 38 1n intermediate
material 54. The etching of inner material 52 has been con-
ducted selectively relative to first capacitor electrodes 34, 1n
one embodiment selective relative to covering material 30, 1n
one embodiment selective relative to intermediate material
54, and 1n one embodiment selectively relative to dielectric
material 26. In one embodiment, such etching has been con-
ducted i1sotropically, and in one embodiment comprises dry
plasma etching. In one embodiment, most 11 not all of inner
material 52 1s removed, with all of such shown as having been
removed 1in FIGS. 11 and 12. Where dry isotropic etching
conditions are used, such conditions/chemistry may be the
same or different from that used in the dry 1sotropic etching of
outer material 50. In one embodiment during the etching of
inner material 52, TiF 45 may be formed on first capacitor
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clectrode sidewalls 35 from Ti of the TiN and from fluorine of
the sulphur and fluorine-comprising etching chemaistry.

Referring to FIG. 13, a capacitor dielectric 44 1s provided
over sidewalls 35 of first capacitor electrodes 34. Such may be
homogenous or non-homogenous. A second capacitor elec-
trode 46 1s formed over capacitor dielectric 44, thereby form-
ing 1ndividual capacitors 48. Second capacitor electrode 46
may be homogenous or non-homogenous, and may be of the
same composition or of different composition from that of
first capacitor electrodes 34. Second capacitor electrode 46 1s
shown as being a single capacitor electrode common to the
individual capacitors, although separate or other multiple
second capacitor electrodes may be used. Likewise, capacitor
dielectric 44 may be continuously or discontinuously
received over multiple first capacitor electrodes 34.

Appropriate circuitry (not shown) would be associated
with capacitor electrodes 46 and 34 of capacitors 48 to enable
selective operation of individual capacitors 48. This other
circuitry 1s not material to embodiments of this invention, and
may be existing or later-developed circuitry within the skill of
the artisan.

CONCLUSION

In some embodiments, a method of forming capacitors
comprises providing first capacitor electrodes within support
maternal. The first capacitor electrodes comprise TiN and the
support material comprises polysilicon. The polysilicon-
comprising support material 1s dry 1sotropically etched selec-
tively relative to the TiN-comprising first capacitor electrodes
using a sulfur and fluorine-containing etching chemistry. A
capacitor dielectric 1s formed over sidewalls of the first
capacitor electrodes and a second capacitor electrode 1s
formed over the capacitor dielectric.

In some embodiments, a method of forming capacitors
comprises providing {irst capacitor electrodes within support
material. The first capacitor electrodes comprise TiN and the
support material comprises polysilicon. The polysilicon-
comprising support material 1s dry 1sotropically etched using
a fluorine-comprising etching chemistry that combines with
T1 of the TiN to form TiF on sidewalls of the first capacitor
clectrodes. A capacitor dielectric 1s formed over the TiF of the
first capacitor electrodes and a second capacitor electrode 1s
formed over the capacitor dielectric.

In some embodiments, a method of forming capacitors
comprises providing {irst capacitor electrodes within support
material. The support material comprises an elevationally
outer material, an elevationally inner material, an elevation-
ally intermediate material between the outer and inner mate-
rials, and a covering material over the outer material. The
covering material and the intermediate material are of differ-
ent composition from composition of the outer and 1nner
materials. Openings are formed through the covering material
to expose the outer material. The outer material 1s dry 1sotro-
pically etched from being over the first capacitor electrodes
and the intermediate matenal. The etching of the outer mate-
rial 1s conducted selectively relative to the first capacitor
clectrodes and the intermediate material. Openings are aniso-
tropically etched through the intermediate material to expose
the inner material using the covering material with openings
therein as an etch mask. The etching of openings through the
intermediate material 1s conducted selectively relative to the
first capacitor electrodes. The inner material 1s etched through
the openings 1n the mtermediate material. The etching of the
inner material 1s conducted selectively relative to the first
capacitor electrodes. A capacitor dielectric 1s formed over
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sidewalls of the first capacitor electrodes and a second capaci-
tor electrode 1s formed over the capacitor dielectric.

In some embodiments, a method of forming capacitors
comprises providing first capacitor electrodes comprising
TiN within support material. The support material comprises
an eclevationally outer material comprising polysilicon, an
clevationally inner material comprising poly silicon, an
clevationally intermediate material between the outer and
inner materials, and a covering material over the outer mate-
rial. The covering material and the intermediate material are
of different composition from composition of the outer and
inner materials. Openings are anisotropically etched through
the covering material to expose the outer material. The poly-
silicon-comprising outer material 1s dry 1sotropically plasma
etched from being over the first capacitor electrodes and the
intermediate material. The etching of the outer matenal 1s
conducted selectively relative to the covering material, the
first capacitor electrodes, and the intermediate material. The
ctching of the polysilicon-comprising outer material 1s con-
ducted with a sulfur and fluorine-comprising etching chem-
1stry, at a pressure of at least about 150 mTorr, and at a
substrate temperature of no greater than about 10° C. The
ctching of the polysilicon-comprising outer material includes
a plurality of sulfur and fluorine-comprising plasma etching
steps 1individually separated by a hydrogen-plasma treating
step. Openings are anisotropically plasma etched through the
intermediate material to expose the inner material using the
covering material with openings therein as an etch mask. The
etching of openings through the intermediate material 1s con-
ducted selectively relative to the first capacitor electrodes and
the covering maternial. The polysilicon-comprising inner
material 1s dry 1sotropically plasma etched through the open-
ings 1n the intermediate material. The etching of the polysili-
con-comprising inner material 1s conducted selectively rela-
tive to the covering material, the first capacitor electrodes, and
the intermediate material, and removes at least most of the
inner material. The etching of the polysilicon-comprising
inner material 1s conducted with a sulfur and fluorine-com-
prising etching chemaistry, at a pressure of at least about 150
mTorr, and at a substrate temperature of no greater than about
10° C. The etching of the polysilicon-comprising inner mate-
rial includes a plurality of sulfur and fluorine-comprising
plasma etching steps individually separated by a hydrogen-
plasma treating step. A capacitor dielectric 1s formed over
sidewalls of the first capacitor electrodes and a second capaci-
tor electrode 1s formed over the capacitor dielectric.

In compliance with the statute, the subject matter disclosed
herein has been described 1n language more or less specific as
to structural and methodical features. It 1s to be understood,
however, that the claims are not limited to the specific features
shown and described, since the means herein disclosed com-
prise example embodiments. The claims are thus to be
afforded full scope as literally worded, and to be appropri-
ately mterpreted in accordance with the doctrine of equiva-
lents.

The mvention claimed 1s:

1. A method of forming capacitors, comprising:

providing first capacitor electrodes within support mate-

rial; the support material comprising an elevationally
outer material, an elevationally inner material, an eleva-
tionally intermediate material between the outer and
inner materials, and a covering material over the outer
material; the covering material and the intermediate
material being of different composition from composi-
tion of the outer and inner materials;

forming openings through the covering material to expose

the outer material;
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dry 1sotropically etching the outer material from being over
the first capacitor electrodes and the intermediate mate-
rial, the etching of the outer material being conducted
selectively relative to the first capacitor electrodes and
the intermediate material;

anisotropically etching opemings through the intermediate

material to expose the inner material using the covering
material with openings therein as an etch mask, the
etching of openings through the intermediate material
being conducted selectively relative to the first capacitor
electrodes:

ctching the inner material through the openings in the

intermediate material, the etching of the imner material
being conducted selectively relative to the first capacitor
electrodes; and

forming a capacitor dielectric over sidewalls of the first

capacitor electrodes and forming a second capacitor
clectrode over the capacitor dielectric.

2. The method of claim 1 comprising conducting the etch-
ing of the outer material selectively relative to the covering
material.

3. The method of claim 1 comprising conducting the etch-
ing of the intermediate material selectively relative to the
covering material.

4. The method of claim 1 comprising conducting the etch-
ing of the inner matenal selectively relative to the covering
material.

5. The method of claim 1 comprising conducting the etch-
ing of the mner material selectively relative to the intermedi-
ate matenal.

6. The method of claim 1 comprising conducting the etch-
ing of the mner material selectively relative to the covering
material and the mntermediate material.

7. The method of claim 1 wherein the etching of the inner
material 1s dry and 1sotropic.

8. The method of claim 7 wherein the 1sotropic etching of
the inner material removes at least most of the inner material.

9. The method of claim 7 wherein the outer material com-
prises polysilicon, the capacitor electrodes comprise TiN, and
the etching of the outer material comprises plasma etching,
using a sulfur and fluorine-comprising chemistry.

10. The method of claim 9 wherein the etching 1s conducted
at a pressure of at least about 200 mTorr and at a substrate
temperature of no greater than about 10° C.

11. The method of claim 9 wherein the etching includes a
plurality of sulfur and fluorine-comprising etching steps indi-
vidually separated by a hydrogen treating step.

12. The method of claim 9 wherein the etching removes all
of the polysilicon-comprising outer material.

13. A method of forming capacitors, comprising:

providing first capacitor electrodes comprising TiN within

support material; the support material comprising an
clevationally outer material comprising polysilicon, an
clevationally inner material comprising polysilicon, an
clevationally intermediate material between the outer
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and mner materials, and a covering material over the
outer material; the covering material and the intermedi-
ate material being of different composition from com-
position of the outer and imner materials;

anisotropically etching openings through the covering
material to expose the outer matenial;

dry 1sotropically plasma etching the polysilicon-compris-
ing outer matenal from being over the first capacitor
clectrodes and the intermediate material; the etching of
the outer material being conducted selectively relative to
the covering material, the first capacitor electrodes, and
the intermediate material; the etching of the polysilicon-
comprising outer material being conducted with a sulfur
and fluorine-comprising etching chemistry, at a pressure
of at least about 150 mTorr, and at a substrate tempera-
ture of no greater than about 10° C.; the etching of the
polysilicon-comprising outer material including a plu-
rality of sulfur and fluorine-comprising plasma etching
steps individually separated by a hydrogen-plasma treat-
ing step;

anisotropically plasma etching openings through the inter-
mediate material to expose the mner material using the
covering material with openings therein as an etch mask,
the etching of openings through the intermediate mate-
rial being conducted selectively relative to the first
capacitor electrodes and the covering matenal;

dry 1sotropically plasma etching the polysilicon-compris-
ing inner material through the openings 1n the interme-
diate matenial; the etching of the polysilicon-comprising
inner material being conducted selectively relative to the
covering materal, the first capacitor electrodes, and the
intermediate material and removing at least most of the
inner material; the etching of the polysilicon-compris-
ing nner material being conducted with a sultur and
fluorine-comprising etching chemistry, at a pressure of
at least about 150 mTorr, and at a substrate temperature
of no greater than about 10° C.; the etching of the poly-
silicon-comprising inner material including a plurality
of sulfur and fluorine-comprising plasma etching steps
individually separated by a hydrogen-plasma treating
step; and

forming a capacitor dielectric over sidewalls of the first
capacitor electrodes and forming a second capacitor
clectrode over the capacitor dielectric.

14. The method of claim 13 comprising:

during the etching of the polysilicon-comprising outer
material, forming TiF on the first capacitor electrode
sidewalls from T1 of the TiN and from fluorine of the
sulfur and fluorine-comprising etching chemistry; and

during the etching of the polysilicon-comprising inner
material, forming TiF on the first capacitor electrode
stdewalls from T1 of the TiN and from fluorine of the
sulfur and fluorine-comprising etching chemistry.
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